INTRODUCTION
The purpose of the project was to collect and analyze gamma-ray radiation detected in the nine 100-N Area boreholes listed in Table 1 . The interpreted Radionuclide Logging System @US) data detailed in this report provides a basis for subsurface contamination characterization. Of the nine boreholes logged, eight were identified with the radioisotope cobalt in them with the majority of it in the 50-to 70-ft range. No other man-made isotope was identified. Only borehole 100-N-56 appears to be "clean".
The data were collected and analyzed from October 1992 through February 1993, and the data and results were transmitted to the appropriate group upon completion of the analysis. This report is intended to put the data in the public domain for future reference.
The contents of this report are limited to the description of the survey results for each borehole logged. A description and details of the RLS System and how it worked in this project and the limitations to radioelement analysis are contained in Appendix B. Readers unfamiliar with this logging system are referred to this appendix and urged to review it for pertinent information to familiarize themselves with the capabilities of the FUS and the data limitations.
Details of equipment configuration, calibration, logging procedures, casing-and water-correction factors, spectral analysis software, and data management have been excluded from this report. The details of these topics are described in the and Brodeur, et. al. ( , 1992 , papers cited in the References.
GEOLOGY
The Hanford Site lies within the Pasco Basin, a regional, structural and topographic, sediment-filled basin. The sediments for the Pasco Basin are underlain by Miocene-age basalt. The sediments overlying the basalt are from oldest to youngest as follows: MiocenePliocene Ringold Formation, post-Ringold pre-Hanford sediments, glacio-fluvial deposits of the Hanford formation, and surficial Holocene eolian and fluvial sediments.
The vadose mne beneath the 100-N Area in the northern part of the Hanford Site is comprised primarily of unconsolidated sediments of the Hanford formation. This highly permeable unit is composed of mainly cobbles, boulders, gravel, and course sand. Drilling data indicate that isolated lenses of silty sand and gravel are also present. Moisture content ranges from 1 to 3 percent in the vadose zone (Hartman 1992a (Hartman , 1993 .
SITE DESCRIPTION
The 100-N Area is located adjacent to the Columbia River in the northern part of the Hanford Site (Figure 1 ). The 100-N Area is home to the now-retired N-Reactor and a number of waste disposal sites. Wastes discharged to the ground include radioactive cooling water and corrosive wastes. Leaking storage tanks and pipes introduced petroleum products to the ground (Hartman 1993) .
Boreholes 199-N-27, -28, -29, -39, -44, and -70 are within 300 ft of the 1325-N Liquid Waste Disposal Facility (LWDF). The 1325-N LWDF received N-Reactor cooling water and fuel-storage-basin water between 1983 (DOE 1987a . The facility comprises a concrete-covered, rectangular basin and an unlined concrete-covered extension trench. The volume of effluent discharged to the 1325-N LWDF varied with the operational status of the N-Reactor. The effluent flow was lo00 to 1600 gal/min during normal operation (Tuck 1990db) . The effluent contained a suite of radionuclides, many of which were present at low activities or have short half-lives. The highest activities of radionuclides included %, 6oCo, 137Cs, and 'H. Cobalt and cesium emit gamma rays during beta decay.
Strontium and tritium decay by beta particle emissions only, but the results of the highenergy beta particles emitted by strontium can be detected by the RLS (see Appendix B). The RLS cannot delineate the energy from the strontium beta decay, but it is detectable as unresolved higher levels of gamma-ray radiation.
Minor amounts of non-radioactive dangerous wastes were also present in the waste water stream, including hydrazine and ammonia. The presence of these dangerous constituents caused the 1325-N LWDF to be classified as a RCRA disposal unit.
Borehole 199-N-56 is in close proximity to the 1301-N LWDF. The 1301-N LWDF received N-Reactor cooling water and fuel-storage-basin water between 1962 and 1985 (DOE 1987b . The facility comprises a rectangular basin connected to a zig-zagging trench with concrete sides and cover, and with an open bottom. The effluent contained radionuclides and minor amounts of dangerous waste. Composition of this effluent is assumed to be similar to that discharged to the 1325-N LWDF described above. The 1301-N is a RCRA facility.
Boreholes 199-N-75 and -76 were drilled between the river and the 1301-N LWDF outside the boundary of the 100-N Area. Well 199-N-75 was logged during the 100-NR-2 Operable Unit studies. Many wells have been logged in the 100 N-Area. Of the wells detailed in this report, all but one had been logged prior to 1993. The date and results of the previous surveys of each borehole are presented in Table 1 Borehole Survey Log Header" summarizes the borehole and survey information. Table 2 , below, also summarizes the data. Plots of the total gamma-ray counts per second (Total Gamma) along with the calculated man-made isotope concentration data are presented on the page following the log header.
The plots of radionuclide-activity response versus depth are shown in Appendix A, with notes and a summary. On the plots in this appendix, a uniform depth scale of 20 feet per inch, and a radionuclide-concentration scale of 40 pCilg per inch are used. The experimental uncertainties in the computed radionuclide activities are not presented on the data plots at this time. The Total Gamma is the count rate for all gamma rays detected by the RLS detector, with no discrimination of gamma-ray energy. The Total Gamma is equivalent to the gross gamma-ray log commonly used in the past at Hanford. The remaining plot tracks contain the results of the spectral gamma-ray analysis. The natural radionuclide gamma-ray activity, that of potassium, uranium and thorium, is discerned through the normal spectral analysis and is plotted separately on the page following the concentrations of man-made elements. 'Date survey was completed 'Maximum survey depth 3Maximum depth where radionuclide was identified 4Maximum depth of borehole survey Long-count, stationary measurements of at least 300 seconds were recorded at some depth points (stations) (seen as short bars in the data plots) in all holes to verify the data acquired at the 80-seconds-per-half-ft survey. Both the long and 80-second measurements were acquired at essentially some given common depth. The extended acquisition time did not identify additional radionuclides in any of these wells.
The decay activity for the natural radionuclides, potassium, uranium, and thorium, have been computed by the data reduction program and are presented on the page following the plots of the other data.
CONCLUSIONS
No man-made radionuclides were detected with the RLS in the subsurface for well 199-N-56. All other wells detailed in this report had some level of cobalt detected. The distribution and activity of cobalt in these wells is detailed in Table 3 , below. The written assessment of the radioactivity made in the RLS Borehole Survey Reports in Appendix A are found in the General Notes for each borehole.
The site geology is characterized by the presence of gravelly sand with moisture less than 4 percent by weight. Based on this characterization, it is reasonable to assume that radionuclide travel in the horizontal direction would be limited. are within 30 meters of each other, yet spectral analysis plots in Appendix A do not reveal obvious correlations in cobalt-60 depth nor activity, indicating no strong horizontal movement of wastes between the two boreholes in the vadose zone.
There are numerous wells in the 100-N Area which could be studied compfehensively and simultaneously to determine the spacial relationship between detected man-made radionuclides and lithology. A geostatistical analysis of this spacial relationship could be used to develop a theoretical model of the subsurface strata and contamination. However, such studies are beyond the scope of this effort at this time. Man-made Radionuclides: Cesium (Cs-137) was detected o n l y a t the surface near t h e threashold o f d e t e c t i o n .
Cobalt (Co-60) was detected a t t h e surface, 0 t o 0.5 f e e t , and from 24 t o 63 f e e t . maximum a c t i v i t y detected was 63 pCi/g a t 50 f e e t .
No Europium (Eu-152) detected, template presented f o r u n i f o r m i t y o f p r e s e n t a t i o n only.
No Europium (Eu-154) detected, template presented f o r u n i f o r m i t y o f p r e s e n t a t i o n o n l y .
S t a t i o n 66
The i n d i c a t e d a c t i v i t y was l e s s than 1 pCi/g a t t h e surface and t h e
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WHC-SD-EN-TI-261, Rev. 0 Man-made Radionuclides: Cobalt (Co-60) was detected a t t h e surface and from 58 t o 80 f e e t . The i n d i c a t e d a c t i v i t y was l e s s t h a n 1 pCi/g a t t h e surface and t h e maximum a c t i v i t y detected was 13 pCi/g a t 68 f e e t .
-80 -No Europium (Eu-152) detected, template presented f o r u n i f o r m i t y o f p r e s e n t r a t i on only.
No Europium (Eu-154) detected, template presented f o r u n i f o r m i t y o f p r e s e n t a t i o n only.
No Cesium (Ce-137) detected, template presented f o r u n i f o r m i t y of presentation only.
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WHC-SD-EN-TI-261, Rev. 0
Log Date
Nov 11, 1992 Westinghouse Hanford Company RLS Spectral Gamma-Ray Borehole Survgy Log Header General Notes: High a c t i v i t y a t surface c o n t r i b u t e d t o the borehole survey spectra t o t h e depth o f 1 f o o t . count r a t e . bremsstrahlung r a d i a t i o n induced from the high-energy beta emissions o f s t r o n t i um-90.
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A cement g r o u t extends from t h e surface t o approximately 20 f e e t and i t s e f f e c t i s detected as a zone o f decreased gamma a c t i v i t y as i n d i c a t e d i n t h e t o t a l gamma p l o t curve.
The 8 i n c h diameter casing extends t o 49 f e e t and a telescoping screen extends from 47.5 t o 84 f e e t .
No c o r r e c t i o n f a c t o r i s applied f o r the telescoping screen thus c a l c u l a t e d gama a c t i v i t i e s are probably higher than those present i n t h e formation.
This RLS survey i n d i c a t e s a change has occured i n t h e subsurface c o n d i t i o n s since t h e previous survey, a gross-gamma l o g acquired by PNL on 2/23/84. change i s i d e n t i f i a b l e i n s p i t e o f the d i f f e r e n c e s i n t h e survey s p e c i f i c a t i o n s t h a t include l o g g i n g speed, time constant averaging, d e t e c t o r response c h a r a c t e r i s t i c s , sample increment, and recording format. The 1984 survey i n d i c a t e d t h r e e depths o f elevated gamma a c t i v i t y . They are l o c a t e d a t 64, 67 and t h e maximum survey depth o f 85 f e e t . The RLS survey terminated a t 82 f e e t due t o detector l o c a t i o n w i t h i n the probe. Consequently t h e elevated gamma a c t i v i t y a t 85 f e e t was n o t evaluated. The RLS survey i d e n t i f i e d f o u r depths o f elevated a c t i v i t y . They are located a t 61.5, 64.5, 69 and 77.5 f e e t . The depths do n o t match i d e n t i c a l l y between t h e t w o surveys b u t are w i t h i n 3 precent o f each other.
The primary depth zone a t 64 f e e t appears t o be unchanged when compared w i t h the background i n t e r v a l from 30 t o 40 f e e t . the source r a d i o n u c l i d e o f cobalt-60 w i t h a 5.3 y e a r h a l f l i v e i s apparently being replenished from some source. on t h e gross gamma survey but was not resolved as a separate peak. zone a t 69 f e e t appears t o have moved from 67 f e e t on the gross gamma. depth zone a t 77.5 f e e t appears t o c o r r e l a t e w i t h t h e beginnings o f an elevated count a t 80 f e e t . the two surveys b u t t h e observed a c t i v i t y i n the peaks are s i g n i f i c a n t l y d i f f e r e n t . A copy o f t h e gross gamma survey i s included.
Man-made Radionuclides: Cobalt (Co-60) was detected from 48 t o 82 f e e t . a c t i v i t y was l e s s than 10 pCi/g a t 65 f e e t .
S t a t i o n : 82
No gamma-ray photo peaks were associated w i t h t h e elevated I t i s unclear whether the source i s backscattered gamma rays o r The The 8.5 year time d i f f e r e n c e and
The depth zone a t 61.5 f e e t i s i n d i c a t e d
The depth
The indicated peak depths c o r r e l a t e w e l l between
The
The maximum c a l c u l a t e d
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Casing s i z e .
( i n . )
Westinghouse Hanford C o m p a n y RLS Spectral Gamma-Ray Borehole Survey Log Header General Notes: The well was monitored at fixed positions at 0.5-foot intervals from ground level (0 ft) to 61.5 feet, for real counting times of 80 seconds. occurring thorium and uranium are present at normal Hanford activities of less than one pCi/g. Potassium is observed at slightly elevated near the bottom of the log survey from about 50 feet to 61.5 feet. the total gamma count rate follows the potassium activity profile closely.
The first plot shows the total gamma count rate along with the activity profile for Co-60,which is described below. By comparing these results with the well-construction diagram for well 199-N-39 on page 232 of document WHC-SD-ER-TI-006, Rev. 0, it may be seen that increased readings of potassium, Co-60, and total gamma begin at a depth o f about 50 feet, where the well casing ends and a telescoping screen begins, extending to the bottom of the well. This depth also denotes the interface between the Hanford and Ringold formations. formation. Both of these structural effects likely elevate the calculated activity values.
Stations: 58.5 , 61' Naturally As-shown on the second plot An increase of Potassium activity is expected in the Ringold Man-made Radionuclides: Cobalt (Co-60) decay activity was observed from approximately 45 to 61 feet. The maximum activity, which occurred at 48 feet, is less than one pCi/g.
No Cesium (Cs-137) was observed in the well. uniformity of presentation only.
No Europium (Eu-154) was observed in the well. The template is shown for uniformity of presentation only.
No Europium (Eu-152) was observed in the well. The template is shown for uniformity of presentation only.
The template is shown for
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WHC-SD-EN-TI-261, Rev. 0 General Notes:
The p l o t s f o r potassium, thorium, and uranium show t h a t the c a l c u l a t e d potassium a c t i v i t i e s vary between about 7 and 25 pCi/g over t h e logged i n t e r v a l , and t h e thorium and uranium a c t i v i t i e s a r e much smaller than 5 pCi/g over t h e logged i n t e r v a l . u n c e r t a i n t i e s o f t h e measurements. a c t j v i t i e s are t y p i c a l of background due t o n a t u r a l l y occurring radioelements i n t h e sediments i n t h e area.
Man-made Radionuclides: Cobalt-60 (Co-60) was i d e n t i f i e d i n t h e borehole f r o m 0 t o 51 f e e t w i t h t h e only continuous zone being 51 t o t h e maximum depth o f 69 f e e t . a c t i v i t y detected was l e s s than 5 pCi/g a t 66 f e e t . S t a t i o n s : 50 & 69' The a c t i v i t y v a r i a t i o n s are w i t h i n t h e s t a t i s t i c a l
The Potassium, uranium, and thorium
The decay
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(in.)
. 0 1 2 3 4 5 0 1 0 2 0 3 0 4 0 5 0 0 5 1 0 1 5 2 0 2 5 0 5 1 0 1 5 2 0 2 General Notes: The plots for potassium, uranium and thorium show that the calculated potassium decay activities vary between about 5 and 20 pCi/g over the logged interval, and the uranium and thorium decay activities are less than 5 pCi/g. The computed potassium decay activity varies inversely with the uranium and thorium activities,which is not common to the Hanford environment. -The elevated uranium and thorium decay activity is believed to orginate from the bentonite sealing material.
The total gamma activity did not exceed 200 cps in the borehole survey with the exception o f the spectrum at 0.0 feet with total activity o f 580 cps,which is believed to be shine from another source.
Man-made Radionuclides:
No man-made radionuclides identified A n a l y s t Names: J. P. K i e s l e r A n a l y s i s Date: Dec 3. 1992
A n a l y s i s Notes: Elevated T o t a l Gamma a c t i v i t v i d e n t i f i e s B e n t o n i t e seal. General Notes: Survey o f t h i s borehole was based on a gross gamma survey c o n t a i n i n g elevated a c t i v i t y a c q u i r e d e a r l i e r .
The l o w e r zone a t 89 f e e t , below t h e water depth o f 59 f e e t , c o n t a i n i n g t h e maximum cobalt-60 a c t i v i t y i s n o t t h e depth o f t h e maximum t o t a l gamma a c t i v i t y .
The h i g h t o t a l gamma a c t i v i t y from 17 t o 57 f e e t c o r r e l a t e s w i t h an increase i n n a t u r a l uranium and t h o r i u m a c t i v i t y t h a t i s g r e a t e r than normally present i n Hanford environment. The presence o f s t a i n l e s s s t e e l casing may i n d i c a t e d b e n t o n i t e s e a l i n g m a t e r i a l between casing and f o r m a t i o n . Bentonite contains n a t u r a l uranium and t h o r i u m a t higher concentrations than common t o Hanford.
The p l o t s f o r potassium, uranium and thorium show t h a t t h e c a l c u l a t e d potassium decay a c t i v i t i e s vary between about 3 and 23 pCi/g over t h e logged i n t e r v a l , and t h e uranium and thorium decay a c t i v i t i e s are l e s s than 4 pCi/g.
The computed potassium decay a c t i v i t y v a r i e s i n v e r s e l y w i t h t h e uranium and t h o r i u m a c t i v i t i e s , w h i c h i s n o t common t o t h e Hanford environment. e l e v a t e d uranium and t h o r i u m decay a c t i v i t y i s b e l i e v e d t o o r i g i n a t e from t h e b e n t o n i t e s e a l i n g m a t e r i a l .
The Man-made Radionuclides: Cobalt (Co-60) was discontinuous from 1 f o o t t o 86 f e e t w i t h c a l c u l a t e d a c t i v i t i e s l e s s than 1 pCi/g. 96 f e e t w i t h a maximum detected a c t i v i t y o f 2.7 pCi/g a t 89.5 f e e t .
Cobalt was i n d e n t i f i e d continuously from 87 t o
No Cesium (Cs-137) detected, template presented f o r u n i f o r m i t y o f p r e s e n t a t i o n o n l y .
No Europium (€11-152) detected, template presented f o r u n i f o r m i t y o f p r e s e n t a t i o n o n l y .
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Casing S i z e . Very high t o t a l gamma a c t i v i t y observed on the surface i s i d e n t i f i e d in t h e borehole survey from 0 f e e t t o 1 f e e t .
Man-made Radionucl id&.:
No Cesium (Cs-137) was encountered in the borehole survey. present only f o r uniformity of the displayed data.
Cobalt (Co-60) was encountered in the borehole from 52 f e e t t o 85 f e e t . The plots for potassium, uranium and thorium show that the calculated potassium decay activities vary between about 5 and 27 pCi/g over the logged interval, and the uranium and thorium decay activities are less than 5 pCi/g. The computed potassium decay activity varies inversely with the uranium and thorium activities,which is not common to the Hanford environment. elevated uranium and thorium decay activity is believed to orginate from the bentonite sealing material.
The total gamma'activity did not exceed 225 cps in the borehole survey.
Stations: 56 8 78'
The Man-made Radionuclides: Cobalt-60 (Co-60) was identified in the borehole from 4 to 77 feet with the only continuous zone being 52 to 62 feet, with all calculated activities less than 1 pCi/g.
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APPENDIX B THE RLS SYSTEM
The Radionuclide Logging System @IS) is a passive, high-resolution gamma-ray energy-spectrum logging system. The system utilizes a semi-conducting crystal of highpurity germanium (HPGe); the crystal is cooled during logging with liquid nitrogen, and an electrical potential is imposed across the crystal. Gamma-ray interaction with the crystal produces sharp electrical charge pulses with amplitudes in relation to the gamma-ray energy. Since each radionuclide emits a gamma ray with a distinct energy for that element, the charge pulse is recorded at a distinct point along the energy axis of the spectrum and thus permits the discrete identification of each radioelement present. (See Figure B-1. ) With appropriate calibration, radioelement assay concentrations, as well as radionuclide identification. can be determined.
The logging cable equipped on the IUS was specifically designed for the system. It suspends the detector in the well, conducts power to the detector, receives electrical signals from the detector, and provides the conduit for venting the gaseous nitrogen from cooling the logging sonde. Errors in the depth-measuring system of the RLS are mainly related to cable stretch, cable and sheave wheel contact, and electronic encoding components. The recorded depth of the detector is estimated to be accurate to 98.5 percent, with a precision (repeatability) of 99 percent. Comparisons with drilling measurements, other logging equipment, and secondary measuring systems have verified the accuracy.
There are two configuration in which the logging sonde can be used. One is in the as-built state (standard) and the other (alternate) is with an external "shield" (gamma-rayabsorbing material) placed around it.
The standard logging configuration optimizes the counting system for detecting low decay activities of radioelements. The RLS has frequently detected man-made radioelement activities of 0.3 pCi/g for nuclides emitting gamma rays having energies greater than 500 keV and the number of gamma rays emitted per decay being at least one for each two decays (greater than 50 percent. The maximum decay activity the RLS has detected is about 10,000 pCi/g in this standard configuration.
The alternate logging configuration at present employs a lead shield and changes the counting system to maximize the count rate. Configuring the counting system to maximize the count rate compromises its ability to detect radioelements at low decay activities (concentrations). The RLS has frequently detected man-made radioelement activities exceeding 33,000 pCilg in this shielded configuration. The alternate logging configuration was not employed for the surveys included in this report because of the low count rates encountered.
LIMITATIONS TO THE RADIOELEMENT ANALYSES
Borehole-environment correction factors have been determined for steel casing and water in the borehole. Correction factors for other borehole configurations have not been investigated. Borehole configurations for which no correction is available include: (1) grout between multiple casing strings, (2) formation seals containing bentonite, sand, or grout behind the casing, and (3) drilling mud remaining inside the borehole during logging. The calculated decay activity for man-made radionuclides will be underestimated for boreholes with these configurations.
Energy-dependent casing corrections have been established for steel casing thicknesses up to 0.40 inches. Corrections for casings of different materials andlor cumulative thicknesses greater than 0.40 inches have not been calculated and therefore cannot be used in the data reduction.
The calibration data were recorded with the detector centered in calibration mnes that are uniform in density, water content, and gamma-ray source material. The dimensions of each zone are large enough that the detector always responded as though surrounded by a medium of infinite extent. Therefore, the use of the calibration results to calculate nuclide activity carries the assumption that the nuclides in the logged formation are also distributed in thick uniform layers. Gamma-ray sources are not normally distributed in the earth in thick uniform layers. Source inhomogeneities are reflected to some degree by the fluctuations in the amplitudes of the log traces. A factor called the "vertical spacial resolution" quantifies the correlation between (1) the amplitude of the log fluctuation and the depth interval over which it extends, and (2) the intensity of the corresponding gamma-ray source and the thickness of the zone in which the source is embedded. The vertical spatial resolution of the RLS HPGe logging system is scheduled for investigation.
Radionuclide decay activities are determined from the net area of the gamma-ray peaks, see Figure x + l . Radioelements such as strontium-90 which do not emit a gamma ray when they decay will not be identified or quantified by the spectral analysis performed for this report. The decay of strontium-90 results in a high-energy beta particle that can excite surrounding elements to emit photon (gamma-ray) radiation that can be identified by the HPGe detector. This type of radiation is called "bremsstrahlung" radiation. A method to obtain estimates of the concentrations of strontium-90 is under consideration. 
B-2
DISTRIBUTION SHEET
